Abstract A study has been carried out to investigate whether the action of triclabendazole (TCBZ) against Fasciola hepatica is altered by inhibition of drug metabolism. The cytochrome P450 (CYP 450) enzyme pathway was inhibited using ketoconazole (KTZ) to see whether a TCBZ-resistant isolate could be made more sensitive to TCBZ action. The Oberon TCBZ-resistant and Cullompton TCBZ-susceptible isolates were used for these experiments. The CYP 450 system was inhibited by a 2-h pre-incubation in ketoconazole (40 μM), then incubated for a further 22 h in NCTC medium containing either KTZ, KTZ+nicotinamide adenine dinucleotide phosphate (NADPH) (1 nM), KTZ+NADPH+ TCBZ (15 μg/ml), or KTZ+NADPH+triclabendazole sulphoxide (TCBZ.SO; 15 μg/ml). Changes to fluke ultrastructure following drug treatment and metabolic inhibition were assessed using transmission electron microscopy. After treatment with either TCBZ or TCBZ.SO on their own, there was greater disruption to the TCBZ-susceptible than TCBZ-resistant isolate. However, co-incubation with KTZ+ TCBZ, but more particularly KTZ+TCBZ.SO, led to more severe changes to the TCBZ-resistant isolate than with each drug on its own: for example, there was severe swelling of the basal infolds and their associated mucopolysaccharide masses, accompanied by an accumulation of secretory bodies just below the apex. Golgi complexes were greatly reduced or absent in the tegumental cells and the synthesis, production, and transport of secretory bodies were badly disrupted. With the TCBZ-susceptible Cullompton isolate, there was limited potentiation of drug action. The results support the concept of altered drug metabolism in TCBZresistant flukes and this process may play a role in the development of drug resistance.
Introduction
Triclabendazole (TCBZ) remains the drug of choice for treating infections of Fasciola hepatica and is metabolised within the host, principally into its sulphoxide and sulphone metabolites. In sheep, it has been shown that this biotransformation is carried out by the flavin monooxygenase (FMO) and cytochrome P450 (CYP 450) enzyme systems (Virkel et al. 2006) . The metabolism transforms the drug into more polar metabolites that are excreted more easily (Cvilink et al. 2009 ). F. hepatica has also been shown to have the ability to metabolise TCBZ (Mottier et al. 2004; Robinson et al. 2004) . Work has shown that the metabolism is up-regulated in TCBZ-resistant isolates, as the conversion of TCBZ to triclabendazole sulphoxide (TCBZ.SO) and TCBZ.SO to triclabendazole sulphone (TCBZ.SO 2 ) has been shown to be significantly higher in TCBZ-resistant isolates (Robinson et al. 2004; Alvarez et al. 2005) . It is this enhancement in oxidative metabolism that has been suggested as a possible mechanism of resistance to TCBZ within the fluke. The FMO system probably represents the main pathway for the metabolism of TCBZ to TCBZ.SO, while the CYP 450 system probably plays a greater role in the conversion of TCBZ.SO to TCBZ. SO 2 (Alvarez et al. 2005) .
In order to deal with drug resistance and maintain productivity, it is important to understand the mechanisms that have led to the development of drug-resistant parasite populations. This investigation is part of a series of studies that have examined the role of altered drug metabolism in the development of resistance, by determining the effect of metabolic inhibitors of the FMO and CYP 450 pathways on the morphology of the fluke (Devine et al. 2009 (Devine et al. , 2010a . The aim of this study was to investigate whether the actions of TCBZ and TCBZ.SO were altered in vitro, in TCBZ-susceptible and -resistant isolates, after CYP 450 inhibition with ketoconazole (KTZ). A previous study showed that incubation in drug plus KTZ resulted in more severe surface changes to the fluke than incubation in drug alone, and that these changes were also more severe in a TCBZ-resistant isolate compared to a TCBZ-susceptible isolate (Devine et al. 2010c) . As a follow-on to that study, this investigation deals with changes to fluke ultrastructure and focuses on the tegumental system of the parasite. The tegument is the main route of entry for TCBZ compounds into the fluke (Mottier et al. 2006; Toner et al. 2009 Toner et al. , 2010a and carries out many important functions for the parasite (Fairweather et al. 1999) ; therefore, it is likely to manifest the result of any changes brought about by alterations in drug metabolism.
Materials and methods
The protocol for this investigation is the same as that used for the scanning electron microscope (SEM) study involving KTZ (Devine et al. 2010c ); the reader is referred to that publication for full details. Briefly, adult flukes of the Cullompton TCBZsusceptible isolate and the Oberon TCBZ-resistant fluke isolates were pre-incubated in KTZ at a concentration of 1× 10 −4 M for 2 h at 37°C, before transfer to fresh NCTC culture medium for 22 h at 37°C containing one of a number of drug and inhibitor combinations (Table 1) . A stock solution of ketoconazole was initially prepared at a concentration of 1× 10 −1 M in methanol. The concentration of KTZ used was chosen to be similar to those used in previous in vitro studies (Bourrie et al. 1996; Zhang et al. 2002; Dupuy et al. 2003; Virkel et al. 2006) . The concentrations of TCBZ and TCBZ. SO used correspond to the maximum blood level of TCBZ. SO reached in vivo (13.3 μg/ml following a therapeutic dose of 10 mg/kg TCBZ in sheep; Hennessy et al. 1987) . Controls were prepared by incubating whole flukes in NCTC 135 medium for 24 h at 37°C. Controls at 0 h were also KTZ (40 μM) NADPH (1 nM) TCBZ (15 μg/ml) TCBZ.SO (15 μg/ml) prepared. After incubation, the flukes were fixed and processed for transmission electron microscopy (TEM), as described by Devine et al. (2010b) . A minimum of four flukes were prepared for each treatment. 
Results
After incubation in all drug and inhibitor combinations for 24 h in vitro, the flukes were alive prior to fixation. Sections for TEM were taken from the midbody region of the flukes as this area was shown to be highly affected by drug and inhibitor action in a previous SEM study (Devine et al. 2010c ).
Controls
The tegumental ultrastructure of the control specimens was normal. For images of normal morphology, the reader is referred to the papers by Halferty et al. (2009a, Fig. 4A-C) and Fairweather et al. (1999, Fig. 3.3 and 3.4) .
Oberon and Cullompton isolates treated with KTZ and KTZ + NADPH Within the tegumental syncytium, the mucopolysaccharide masses were swollen along the length of the basal infolds (Fig. 1) . The sub-tegumental muscle blocks retained a relatively normal morphology (Fig. 1) . Beneath the apical plasma membrane, T1 and T2 secretory bodies were present in normal numbers (Fig. 2) . There was some swelling of the mucopolysaccharide masses surrounding the basal infolds in the basal region of the syncytium (Fig. 3) . In this region, there were numerous T1 and T2 secretory bodies (Fig. 3 , inset). T1 and T2 secretory bodies were present within their respective cells (Fig. 4 , 5 and 6). Active Golgi complexes and numerous T1 secretory bodies were observed in the type-1 cells (Fig. 5) . In Type-2 tegumental cells, numerous T2 secretory bodies were present, but were swollen in appearance (Fig. 6 ). The nucleus in each cell type retained a normal morphology.
Cullompton isolate treated with TCBZ and TCBZ.SO Descriptions of ultrastructural changes brought about by treatment with the two drugs have been published elsewhere and will not be repeated here. The changes observed in the present study matched these descriptions. Therefore, the reader is referred to the paper by Halferty et al. (2009a;  Fig. 4D -F for TCBZ and Fig. 5A -C for TCBZ.SO). Within the tegumental syncytium, the basal infolds were swollen, particularly in the basal region. Few secretory bodies were present throughout the syncytium. Swollen mitochondria were a common feature, both in the syncytium and in the tegumental cells. Within T1-type tegumental cells, secretory bodies were scarce, especially after incubation in TCBZ.SO. Golgi complexes were reduced in number and, when present, were reduced in size. The cisternae of the granular endoplasmic reticulum (GER) were severely swollen, particularly after treatment with TCBZ.SO.
Cullompton isolate treated with KTZ+ NADPH + TCBZ
Within the tegumental syncytium, a marked swelling of the basal infolds was observed in the basal region (Fig. 7 ). In the apical region, T1 and T2 secretory bodies were present in normal numbers (Fig. 8 ). There was swelling of the mucopolysaccharide masses in the basal region and the mitochondria present throughout the syncytium were swollen and rounded in appearance (Fig. 9 ). The sub-tegumental muscle blocks contained fewer fibres than normal and the fibres were less tightly-packed than normal (Fig. 9 ). There was evidence of spacing between the tegumental cells ( Fig. 10, 11 ). The Type-1 tegumental cells contained numerous T1 secretory bodies. The nuclei appeared normal, but many mitochondria were swollen and rounded in appearance (Fig. 11 ).
Cullompton isolate treated with KTZ +NADPH + TCBZ.SO
The major feature of the tegumental syncytium was swelling of the mucopolysaccharide masses at the proximal and distal ends of the basal infolds, but the latter remained tightly closed (Fig. 12) . The mitochondria present throughout the syncytium appeared swollen and rounded in appearance (Fig. 12 ). Beneath the apical plasma membrane, T1 and T2 secretory bodies were present in normal numbers (Fig. 13) . Swelling of the mucopolysaccharide masses was most evident in the basal region of the syncytium, although the (Figs. 14,  15 ). T1 secretory bodies were abundant in the basal region (Figs. 14, 15) . Beneath the syncytium, the sub-tegumental muscle retained a normal appearance, but there was spacing between the tegumental cells (Fig. 16) . Within the tegumental cells, T1 secretory bodies were sparse and the mitochondria were swollen, but the nucleus retained a normal morphology (Fig. 17) .
Oberon isolate treated with TCBZ Descriptions of ultrastructural changes brought about by drug treatment have been given elsewhere and will not be repeated here. The changes observed in the present study matched these descriptions. Therefore, the reader is referred to Devine et al. (2010b); Figs. 12, 14, 15 and 16) . Minor swelling of the mucopolysaccharide masses was observed within the tegumental syncytium. At the apex of the syncytium, a few "open" bodies were present. T1 and T2 secretory bodies were present throughout the syncytium in relatively normal numbers and the mitochondria were swollen in appearance. There were accumulations of T2 secretory bodies within Type-2 tegumental cells, while in Type-1 tegumental cells the T1 secretory bodies were sparse, despite the presence of active Golgi complexes. The cisternae of GER and the mitochondria in the Type-1 cells were swollen.
Oberon isolate treated with TCBZ.SO
The changes to the tegumental syncytium following incubation in TCBZ.SO have been described by McKinstry (2008; chapter 7), Figs. 15, 16, 17, 18, 19 and 20) and will not be repeated in detail here. Briefly, there was blebbing of the apical plasma membrane and "open" bodies were observed beneath the apex of the tegument. T2 secretory bodies were present in high numbers beneath the apical plasma membrane. Mitochondria within the syncytium were fewer in number than normal and were swollen and rounded in appearance. T1 secretory bodies accumulated towards the base of the syncytium. Swelling of the basal infolds was not observed, though the associated mucopolysaccharide masses were slightly swollen. Within the tegumental cells, secretory bodies were observed in normal numbers within their respective cells. The Golgi complexes within the T1-type tegumental cells appeared reduced in size and number.
Oberon isolate treated with KTZ +NADPH + TCBZ Swelling of the mucopolysaccharide masses surrounding the basal infolds was evident in the tegumental syncytium. This swelling extended towards the distal end of the basal infolds, although the latter remained closed in this region (Fig. 18) . The underlying muscle layers retained a relatively normal appearance (Fig. 18 ). T1 and T2 secretory bodies were abundant in the apical region of the syncytium (Fig. 19) . In other regions, the basal infolds above the basal lamina were swollen towards their base (Fig. 20 ). There were numerous T1 secretory bodies in the basal region and the mitochondria present were swollen and rounded in appearance (Fig. 20) . Spaces were observed between the tegumental cells (Fig. 21) . T1 secretory bodies were present within the cells, also well-developed Golgi complexes (Fig. 21, inset) . The mitochondria were swollen in appearance, but the nucleus retained a normal morphology.
Oberon isolate treated with KTZ +NADPH + TCBZ.SO The major feature of the tegumental syncytium was the severe swelling of the basal infolds (Figs. 22, 23) . Secretory bodies were present in the apical region of the syncytium, with T2 secretory bodies seeming to accumulate just beneath the apical plasma membrane (Fig. 24) . Swelling of the basal infolds was very evident in the basal region of the tegument and the mitochondria present within the syncytium were generally swollen and assumed a rounded appearance, rather than the typical cylindrical shape (Fig. 25 ). Spaces were observed between the muscle blocks and tegumental cells (Fig. 26) . Within the type-1 tegumental cells, T1 secretory bodies were swollen in appearance and appeared to have accumulated within the cells, although active Golgi complexes were absent (Fig. 27) . The mitochondria present within the cell were swollen in appearance (Fig. 27) . The main changes brought about by drug action and the relative severity of these changes are summarised in Tables 2 and 3 .
Discussion
The results of this investigation have demonstrated that coadministration of KTZ with either TCBZ or TCBZ.SO has a greater effect on the Oberon TCBZ-resistant isolate than on the TCBZ-susceptible Cullompton isolate. While treatment with TCBZ and (more particularly) TCBZ.SO caused greater disruption of the Cullompton isolate, potentiation of drug action was only observed with the Oberon isolate and was far more distinct with TCBZ.SO than TCBZ. Incubation in KTZ alone or KTZ + NADPH caused some disruption to the ultrastructure of both isolates, although the changes were minimal, with only slight swelling of the mucopolysaccharide masses and secretory bodies.
The syncytium of the Oberon isolate treated with TCBZ alone retained a relatively normal morphology. Only limited swelling of the mucopolysaccharide masses and mitochon- showing swelling of the mucopolysaccharide masses (arrow), particularly at the distal end of the basal infolds (BI) which are not swollen. APM, apical plasma membrane; BL, basal lamina; Mu, sub-tegumental muscle blocks. Bar 5μm 19 A high-power micrograph of the apex of the tegumental syncytium. T1 (T1) and T2 (T2) secretory bodies are present just beneath the apical plasma membrane (APM). Bar 500nm 20 TEM showing the basal region of the tegumental syncytium. Above the basal lamina (BL), the mucopolysaccharide masses (arrow) are swollen, but the basal infolds (BI) remain closed. The mitochondria (m) are also swollen. Numerous T1 (T1) secretory bodies are present in this region. Bar 1μm 21 TEM showing a Type-1 tegumental cell. T1 secretory bodies (T1) are present within the cell. The Golgi complexes (GC) present retain a relatively normal morphology. Some mitochondria (m) are swollen in appearance. Spaces (arrow) can be seen between the cells. N, nucleus. Bar 1μm Inset shows an active well-developed Golgi complex (GC). Bar 500nm dria within the syncytium was observed. "Open" bodies were present beneath the apical plasma membrane: they are known to occur in a stress situation, such as that induced by drug treatment, and are caused by the accelerated release of secretory bodies from the tegumental surface (Rogan and Threadgold 1984) . Production of secretory bodies in the tegumental cells was maintained, as active Golgi complexes were present, although there were few T1 secretory bodies in the Type-1 tegumental cells. After incubation in KTZ+TCBZ, swelling of the mucopolysaccharide masses in the syncytium and of the mitochondria throughout the tegumental system was exacerbated and beneath the basal lamina spacing between the tegumental cells was evident.
Treatment with TCBZ.SO alone led to a similar level of disruption as that induced by TCBZ, but co-incubation with KTZ led to a dramatic increase in the degree of disruption observed. The major change in the tegumental syncytium was the severe swelling of the basal infolds and associated mucopolysaccharide masses. This is indicative of disruption to the osmoregulatory function of the tegument (Fairweather et al. 1999 ). Similar observations have been made in previous studies involving TCBZ.SO (Stitt and Fairweather 1994; Halferty et al. 2009a ) and various other fasciolicides (Fairweather et al. 1986; Skuce et al. 1987; Skuce and Fairweather 1990; Anderson and Fairweather 1995; Meaney et al. 2004 Meaney et al. , 2005 Meaney et al. , 2007 McConville et al. 2006 McConville et al. , 2007 McConville et al. , 2008 McConville et al. , 2009 McKinstry et al. 2007 McKinstry et al. , 2009 Halferty et al. 2009b ). The severe swelling of the basal infolds would account for the general swelling of the tegument observed in the previous SEM study (Devine et al. 2010c) ; if allowed to continue, this would lead to the sloughing of the tegument. Within the syncytium, secretory bodies accumulated just beneath the apical plasma membrane. This is indicative of a stress response by the fluke and is a common reaction to treatment with other fasciolicidal drugs, as it serves as a survival mechanism to replace damaged tegument (Fairweather et al. 1986; Stitt and Fairweather 1994; Buchanan et al. 2003; Meaney et al. 2004 Meaney et al. , 2005 Meaney et al. , 2007 McConville et al. 2006 McConville et al. , 2007 McConville et al. , 2008 McConville et al. , 2009 McKinstry et al. 2007 McKinstry et al. , 2009 Halferty et al. 2009a, b; O'Neill et al. 2009; Toner et al. 2009 Toner et al. , 2010a . Within the tegumental cells, active Golgi complexes were absent and secretory bodies seem to have accumulated within the cells, indicating that their transport to the syncytium had been disrupted. Moreover, the T1 secretory bodies were swollen and abnormal, which suggests that their production had been severely affected. The spacing observed between the cells highlights the possible disruption to energy-dependent ion pumps which would lead to the influx of water into the fluke, causing the basal infolds to swell and the spacing between cells in the subtegmental region (Threadgold and Brennan 1978; Skuce et al. 1987) . Internal flooding of the tissues has been observed in a number of drug studies on F. hepatica (Fairweather et al. 1986; Stitt and Fairweather 1994; Anderson and Fairweather 1995; McKinstry et al. 2007 McKinstry et al. , 2009 Meaney et al. 2007; Halferty et al. 2009a; Toner et al. 2010b) .
With the Cullompton isolate, incubation in TCBZ alone resulted in limited swelling of the basal infolds, mucopolysaccharide masses, and mitochondria in the syncytium (Halferty et al. 2009a) . The decline in the number of secretory bodies observed in the syncytium could be attributed to the disruption of the Golgi complexes and the reduced numbers of secretory bodies within the tegumental cells (Halferty et al. 2009a ). Co-incubation of KTZ with TCBZ led to no potentiation of drug action in the Cullompton isolate. While there was greater swelling of the basal infolds with the drug combination, there was no reduction in number of secretory bodies in the tegumental cells, as seen following treatment with TCBZ alone. The increase in the swelling of the basal infolds and the spacing between the tegumental cells again would suggest a disruption to the osmoregulatory system within the parasite, as described above.
Following treatment in TCBZ.SO alone, there was greater disruption to the Cullompton isolate than was seen with TCBZ treatment alone. That is, there was greater swelling of the basal infolds, mitochondria, and cisternae of GER; also, fewer secretory bodies present in the tegumental cells (Halferty et al. 2009a ). When TCBZ.SO was combined with KTZ, there was little potentiation of drug action: in fact, overall there was less disruption than with TCBZ.SO alone. The only feature that was greater following combination treatment was the spacing between the cells in the sub-tegumental region.
The internal changes observed in the tegumental syncytium of the Oberon isolate link well with the changes of surface morphology that were seen in a previous SEM study using the same drug and inhibitor combinations (Devine et al. 2010c ). The swelling and furrowing observed after incubation in KTZ and TCBZ.SO can be linked to the disruption of the osmoregulatory system in the tegumental syncytium, as evidenced by the severe swelling of the basal infolds and the flooding of the subtegumental tissues. The release of damaged areas of the surface membrane would lead to the blebbing seen in the previous SEM study and the accumulation of secretory bodies beneath the apical plasma membrane would indicate that the fluke is trying to repair areas damaged by drug action. This action would not be maintained indefinitely by the fluke as the transport of the secretory bodies needed for membrane repair had been disrupted and the T1 secretory bodies had accumulated within the tegumental cells.
Some of the ultrastructural changes seen in the TCBZresistant Oberon isolate after incubation with KTZ and TCBZ.SO mirror changes recorded in a previous study using piperonyl butoxide (PB), another CYP 450 inhibitor (Devine et al. 2011a ). The abnormal secretory bodies and spacing between the tegumental cells are specific changes observed when TCBZ.SO is combined with KTZ and PB that are not seen with the FMO inhibitor, methimazole (MTZ). However, previous studies with MTZ revealed changes commonly seen with all three inhibitors, namely, severe swelling of the basal infolds and associated mucopolysaccharide masses, swelling of the mitochondria and altered numbers of secretory bodies at the apex of the syncytium (Devine et al. 2010b) . Moreover, in the tegumental cells, disruption of the Golgi complexes, impaired production of secretory bodies and swelling of the mitochondria are changes common to the three drugs. So, the combined data from these studies show that metabolic inhibition has an effect on the fluke's ability to maintain normal functioning of the tegumental system in the presence of drug action (Devine et al. 2009 (Devine et al. , 2010a (Devine et al. , b, c, 2011a .
A number of studies have involved the use of metabolic inhibitors in an attempt to enhance the pharmacokinetic profile of antiparasitic drugs, extend their active lifespan and so potentially increase their efficacy. Specifically, KTZ has been used in sheep to successfully enhance the bioavailability of TCBZ (Virkel et al. 2009 ). Thus, coadministration of KTZ with TCBZ led to a higher peak plasma concentration of TCBZ.SO than that measured following TCBZ treatment alone and so enhanced the bioavailability of TCBZ.SO in sheep (Virkel et al. 2009 ). The enhancement in the pharmacokinetic profile could lead to a higher efficacy against the fluke, although this has not yet been proven. Greater efficacy with benzimidazole plus inhibitor combinations has been demonstrated in other studies (Benchaoui and McKellar 1996; López-García et al. 1998; Sánchez-Bruni et al. 2005) . This and the potentiation of drug availability observed in a variety of in vivo studies has led a number of workers to propose the use of such drug combinations as a strategy to deal with drug resistance (Lanusse and Prichard 1993; Lanusse et al. 1995; Benchaoui and McKellar 1996; Dupuy et al. 2003; Sánchez-Bruni et al. 2005; Alvinerie et al. 2008; Wisedpanichkij et al. 2009 ).
While KTZ is a recognised CYP 450 inhibitor (Newton et al. 1995; Pelkonen et al. 2008) , it is also regarded as an inhibitor of Pgp-linked drug efflux pumps (Siegsmund et al. 1994; Zhang et al. 1998; Kim et al. 1999; Wang et al. 2002; Ward et al. 2004; Kageyama et al. 2005) . Over-expression of Pgp has been linked to the development of resistance against a number of anthelmintics (Xu et al. 1998; Molento and Prichard 1999; Kerboeuf et al. 2003; Wolstenholme et al. 2004; Prichard and Roulet 2007; Messerli et al. 2009 ). Recently, evidence has been presented for the role of Pgp in the mechanism of resistance to TCBZ in F. hepatica (Alvarez et al. 2005; Mottier et al. 2006; Fairweather et al. 2009 ). This would point towards the mechanism of resistance to TCBZ as being multi-factorial within the fluke. The accumulation of TCBZ and TCBZ.SO has been shown to be significantly reduced in the TCBZ-resistant Sligo isolate (Alvarez et al. 2005; Mottier et al. 2006) . Reduced drug uptake would lower the effective concentrations of TCBZ metabolites within the fluke and this, combined with more rapid metabolism and inactivation of the compounds, would reduce their ability to reach the target molecule in sufficient concentration for effective drug action. If KTZ acted on both the CYP 450 pathway and Pgp pumps, thus blocking drug metabolism and drug efflux, it would raise drug levels within the parasite and allow for more sustained drug action. As with the use of metabolic inhibitors, the combined use of anthelmintics plus Pgp inhibitors such as KTZ and verapamil has been advanced as a strategy to deal with drug resistance Hugnet et al. 2007; Alvinerie et al. 2008; . Enhanced activity and efficacy of such combinations has been demonstrated by Molento and Prichard (1999) , Bartley et al. (2009), and Lifschitz et al. (2010) , for example.
In conclusion, this investigation has shown that it is possible to convert a TCBZ-resistant isolate to a more susceptible state using the CYP 450 inhibitor, KTZ. In order to investigate this further, it was considered worthwhile to examine the effects of co-administration of KTZ and TCBZ over a 4-day period in a rat host and so observe the morphological changes in vivo; the results of this study will be published separately (Devine et al. 2011b) . Modulating drug activity both within the host and parasite offers a new avenue to try and delay drug resistance and maintain the efficacy of triclabendazole, as currently no new drugs to treat F. hepatica infections are in development. Summary of changes to the tegumental system following different drug treatments (−) no noticeable disruption, (+) general/mild disruption, (++) severe disruption, (+++) very severe disruption. KTZ ketoconazole, NADPH nicotinamide adenine dinucleotide phosphate, TCBZ triclabendazole, TCBZ.SO triclabendazole sulphoxide, GER granular endoplasmic reticulum
